Offspring from families with multiple cases of alcohol dependence have a greater likelihood of developing alcohol dependence (AD) and related substance use disorders. Greater susceptibility for developing these disorders may be related to structural differences in brain circuits that influence the salience of rewards or modify the efficiency of information processing and AD susceptibility. We examined the cerebellum of 71 adolescent/young adult high-risk (HR) offspring from families with multiple cases of alcohol dependence (multiplex families), and 60 low-risk (LR) controls with no family history of alcohol or drug dependence who were matched for age, gender, socioeconomic status and IQ, with attention given to possible effects of personal use of substances and maternal use during pregnancy. Magnetic resonance images were acquired on a General Electric 1.5-Tesla scanner and manually traced (BRAINS2) blind to clinical information. GABRA2 and BDNF variation were tested for their association with cerebellar volumes. High-risk offspring from multiplex AD families showed greater total volume of the cerebellum and total gray matter (GM), in comparison with LR controls. An interaction between allelic variation in GABRA2 and BDNF genes was associated with GM volumes, suggesting that inherited variation in these genes may promote early developmental differences in neuronal proliferation of the cerebellum.
Introduction
The cerebellum has long been considered an important region for motor control, coordination, and motor learning (Thach, 1996; Bastian et al., 1998) . Recently, the cerebellum has been viewed as an integral part of a cortico-cerebellar-thalamic-cortical circuit that is involved in coordination and modulation of cortical activity (Desmond and Fiez, 1998; Andreasen and Pierson, 2008) . Neuroimaging studies show that the cerebellum has a critical role in directed attention, many types of memory, facial recognition, theory of mind attribution, and emotional monitoring (Kim et al., 1994; Andreasen et al., 1995a, b; Fiez et al., 1995; Andreasen et al., 1996; Allen et al., 1997; Andreasen et al., 1999; Turner et al., 2007) . Also, the cerebellum may facilitate cognitive processing through its role in monitoring of time perception (Keele and Ivry, 1990 ). In addition, there is now a large body of evidence suggesting that the cerebellum contributes to other higher order functions (Parkins, 1997; Schmahmann and Sherman, 1998; Desmond, 2001; Castellanos et al., 2002; Heyder et al., 2004) including personality characteristics (Schmahmann and Sherman, 1998) and emotional control (Turner et al., 2007) .
A number of studies now suggest that brain morphology is associated with familial genetic risk for alcohol dependence even in individuals without substantial exposure to alcohol or drugs (Hill et al., 2001; Benegal et al., 2007; Hill et al., 2007; Venkatasubramanian et al., 2007; Hill et al., 2009) . Among the brain regions that have been implicated in alcohol use disorders is the cerebellum. An association between cerebellar volume and alcohol use disorders has been established based both on clinical and neuropathological findings in alcohol dependent individuals (Zahr et al., 2010) and in their high risk relatives (Hill et al., 2007) .
Previously, we reported that familial risk for alcohol dependence is associated with greater total cerebellar volume in comparison to low risk controls (Hill et al., 2007) . Age-related changes in cerebellar gray matter appeared to differ by risk group as well, with low-risk controls showing a steeper slope for reduced gray matter with age. These findings appeared to suggest developmental delay in achieving ageappropriate cerebellar gray matter volume possibly due to developmental change in gray matter that represents normal pruning with age that occurs during adolescence and young adulthood. In contrast to the greater cerebellar volume that is seen in association with familial risk, reduced volume of the cerebellar vermis has been reported for adolescent marihuana users with greater alcohol use (N =16) in 
Contents lists available at ScienceDirect
Psychiatry Research: Neuroimaging j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / p syc h r e s n s
